Introduction
Ruthenium complexes with chelating heterocyclic N-donor ligands have received much attention owing to their interesting spectroscopic, photophysical and electrochemical properties. 1 The redox-active nature of those complexes makes them conceivable 20 mediators of electron transfer in photochemical processes, leading to potential uses in diverse areas such as photosensitizers for photochemical conversion of solar energy, 2 molecular electronic devices 3 and photoactive DNA cleavage agents for therapeutic purposes. 4 Furthermore, this broad family of 25 complexes has been shown to act as excellent catalysts in CO 2 reduction, enantioselective hydrogenation, alcohol oxidation, epoxidation, sulfoxidation and water oxidation processes.
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Specific attention has been directed to ditopic N-heterocyclic ligands due to their applicability as bridging ligands in the 30 synthesis of dinuclear metal complexes. 3 The metal properties in such systems are directly related to the nature of the bridging ligand, which offers a methodology for tailoring of, for example, the electronic communicaton between the metal centers. Additionally, the nature and topology of the ligand can trigger 35 mutual cooperativity of the two coordinated metals through space. 8 The degree of electronic coupling between the metal centers and also synergistic intermetallic properties directly depend on the extent of interaction of the bridging ligand orbitals with those of the metal centers. 9 Furthermore, the presence of 40 non-bridging spectator ligands can be used to influence the relative energies of the metal-based orbitals, and these ligands are therefore able to indirectly fine-tune the electronic communication between the two metal centers. 10 For example, the heterocyclic bridging ligand 3,5-bis(2-pyridyl)pyrazole (H-bpp, 45 Fig . 1 ) with four N-donor sites was used to prepare the dinuclear ruthenium(II) complex C 2+ (Fig. 1c) . 6 Once bridged by the anionic bpp -ligand, the rigidly meridional coordination geometry of the terpy ligands induce through-space interactions between the two ruthenium sites. 11 However, the arrangement of the 50 coordinating heterocyclic rings in H-bpp, specifically the presence of a central five-membered pyrazole with the two sixmembered pyridine rings on each side, induced considerable strain when accommodating two ruthenium(II) centers, as evidenced by an appreciable distortion of the Ru-N-N-Ru 55 dihedral angle (Fig. 1b) . bottom). As a consequence, the coordination axes of the two ruthenium centers are better mutually aligned, which will facilitate metal-metal interactions due to enhanced orbital overlap. Here, we report the synthesis and characterization of a novel phthalazine-triazole ligand (1,4-bis(1-methyl-1H-1,2,3-5 triazol-4-yl)phthalazine) and its coordination properties to octahedral ruthenium(II) centers. Due to the optimized coordination geometry and the ensuing electronic coupling of the metal centers, the bimetallic complexes demonstrate a broad potential window for stabilizing the mixed-valent species.
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Results and discussion
Ligand synthesis and characterization
The synthesis of the target ligand started from 1,4-diiodophthalazine 12 as the central six-membered heterocycle. 20 subsequently afforded the target ligand 1,4-bis(1-methyl-1H-1,2,3-triazol-4-yl)phthalazine (2). While click reactions typically involve terminal alkynes as reactants, 16 we employed here a onestep procedure that involves K 2 CO 3 -induced deprotection of the alkyne 17 and copper-catalyzed cycloaddition in the presence of 25 ascorbate in one pot. Reactions under microwave conditions increase both the reaction rate and the product yield as compared to conventional heating. 18 According to this procedure and after extensive washing to remove residual copper salts, 19 pure ligand 2 was obtained in good 80% yield from precursor 1 (Scheme 1). The purity of compounds 1 and 2 was confirmed by NMR spectroscopy, ESI-MS (Fig. S1-S3 ) and elemental analysis (see the Experimental Section). experiments proved valuable for full structural characterization of the compounds in solution. Both compounds 1 and 2 display C 2v symmetry in solution, which mutually relates the two alkyne substituents of 1 and the two triazole rings of 2 by symmetry. The aryl protons H7 and H8 of the phthalazine unit appear as doublet 40 of doublets (inset Fig. S1a ), which is in agreement with the typical AA'BB' pattern for such systems. The pertinent coupling constants are larger for J 7,8 = 6.3 Hz than for J 7,8' = 3.3 Hz. The assignment of H7 and H8 was unambiguously confirmed by longrange coupling to C6 and C4 ( Figure S1e ). 45 The most characteristic NMR feature of ligand 2 pertains to the triazole protons, which appear as one singlet at δ H 8.70 ppm, demonstrating the successful cycloaddition on both sides of the phthalazine unit. Moreover, ligand 2 displays a downfield shift of the doublet of doublets attributed to H7 as a consequence of the 50 aromaticity of the triazole ring (Fig. S3) .
Reactivity in methylation reactions
The relative donor ability of the nitrogen sites in compound 2 have been assessed by probing their nucleophilicity towards CH 3 + electrophiles. Even though phthalazines are less basic than 55 triazoles (pK b = 10.5 and 9.4, respectively), 20 alkylation of 2 occurred predominantly at the phthalazine site and produced selectively the mono-and dicationic salts 3 + and 4
2+
, respectively (Scheme 2). Thus, when 2 was reacted with MeI as alkylating agent in MeCN at 80 ºC, the monocationic iminium salt 3 + was 60 produced exclusively due to methylation of one of the phthalazine nitrogen atoms. Results after 3 h were identical to those at longer reaction times and after addition of further portions of MeI. However, when 2 was reacted with MeOTf (OTf = trifluoromethyl sulfonate) as stronger alkylating agent in CH 2 Cl 2 at 45 °C a double methylation was observed, which involved the phthalazine and one of the triazole units, yielding 4
. The preference for phthalazine alkylation and formation of 3 + indicates a higher nucleophilicity of these central nitrogen atoms as compared to the triazole nitrogens. The selectivity of the 70 second methylation towards the triazole unit is a direct consequence of the reduced electron density in the phthalazine ring after the first alkylation. Selective alkylation of the triazole distal to the methylated phthalazine nitrogen is probably induced by steric congestion similar to ortho-substituted biaryls, and 75 inductively due to the presence of the iminium cation. , the triazolium proton H14 is 85 deshielded by 0.5 ppm compared the equivalent proton (H2) of the neutral triazole ring. Only a single set of resonances was observed, which points to regioselective alkylation of the nitrogen α to the substituted triazole carbon. 21 The structures of these alkylated products was unambiguously confirmed by X-ray diffraction analysis of suitable single crystals, which were obtained by slow evaporation of CDCl 3 and CD 3 CN solutions of 3 + and 4
, respectively. and the corresponding atom labelling scheme (see Fig. S11-S14  and Tables S1,S2 for further views and crystallographic details). might point to intramolecular hydrogen bonding. Finally, we note that the torsion angles between the phthalazinium unit and triazole rings are variable (from 43° to 75°). This steric flexibility is particularly useful for metal coordination. as the major product (20% yield based on ruthenium) and the monometallic complex 6 + as a minor fraction (<5% yield). . This similarity thus validates the alkylation experiments as useful probes for metal coordination to ligand 2.
Ruthenium(II) complexation

Electrochemical and structural analysis of the complexes
The redox properties of complexes 5 3+ and 6 + were investigated 5 by means of cyclic voltammetry (CV) in acetone (Fig. S10) Suitable crystals for X-ray diffraction analysis were obtained for 5(PF 6 ) 3 . Figure 3 displays a POV-RAY plot of the cationic complex with the corresponding labelling scheme (see also Table  S3 and Fig. S15 ). Complex 5(PF 6 ) 3 crystallizes in a small cell containing two complex molecules, two molecules of acetone and 50 six PF 6 -anions. Each ruthenium center features a pseudooctahedral coordination geometry with two positions occupied by ligand 2, three positions by the meridional terpy ligand and the sixth site filled with a bridging chloride ligand. The complex cation has crystallographic C 2v symmetry as deduced from 55 solution analysis, with one symmetry plane containing ligand 2, the two ruthenium atoms, both central terpyridine nitrogen atoms and the bridging chloride. A second plane perpendicularly bisects the other plane and passes through the chloride center and through the middle of the N4-N4 ' , C5-C5 ' and C7-C7 ' bonds of 60 the phthalazine scaffold, thus mutually relating the two terpy ligands by symmetry. It is instructive to compare the structure of 5 3+ with those of related bimetallic ruthenium complexes such as complex C 2+ (cf Fig. 1c ) 6 and with complex D + , 23 which comprises six-membered heterocycles at the periphery of the phthalazine core (Fig. 4) . Moreover, the terpy ligand in the latter complex is replaced by a 70 chelating carboxylate ligand and two axial unsupported picoline groups. (Fig. 3) .
Complex D + has a bridging scaffold that may be considered as a hybrid between that of 5 3+ and that of C
2+
. The distortion of the 5 Ru-N4-N4'-Ru' angle is small (4.70º), indicating a slightly higher strain than in 5
3+
, which may also account for the shorter Ru-N1 and Ru-Ru' distances compared to 5
. The presence of two independent axial picoline groups per ruthenium(II) center in D + compared to the tridentate meridional terpy ligand present in 10 5 3+ increases the N5-Ru-N7 angle from 158.77º to 171.8º, an arrangement that is closer to an ideal trans disposition.
Conclusions
In this work we have described the synthesis of a novel phthalazine-triazole ligand (2) accommodation of both metal centers, since the phthalazinetriazole scaffold displays a completely planar conformation. Further work will be directed towards exploiting the catalytic potential of 5 + and 6 3+ in various redox processes in order to evaluate whether structural optimization also induces improved 30 activity. Moreover, the optimized ligand structure should also benefit the mutual arrangement of other (hetero-)bimetalic structures, thus providing access to a novel scaffold for cooperative catalysis and self-assemblies such as coordination polymers.
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In addition, the triazolium salts obtained from alkylation of the peripheral heterocycle afford potentially chelating abnormal carbene precursors, which have been established as powerful ligands for metal-catalyzed oxidation reactions.
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The incorporation of such triazolylidene ligands into multimetallic 40 systems may constitute a promising approach for improving catalytic activity. degassed THF (4 mL) was added via canula, and the mixture was flushed with argon. PdCl 2 (PPh 3 ) 2 (22.1 mg, 0.031 mmol) and CuI (6 mg, 0.03 mmol) were added. The flask was degassed again, and trimethylsilylacetylene (101 µl, 0.69 mmol) was added. The mixture was stirred for 30 min at -15 °C and 4 h at room temperature. The reaction mixture was then poured into H 2 O:NH 3 (30 mL, 2:1) and the product was extracted with EtOAc (20 mL 8. 69, 8.53, 8.35, 8.16, 8.03, 7.95, 7.80, 7.58, 7.53, 7.35, 4.76, 4.18 . Due to the low quantitiy of product, 13 C NMR resonances were not sufficiently resolved.
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